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The study was designed to assess the relationship between glomerular filtration rate (GFR) 
and urinary stone-forming constituents, and to assess the effect of renal insufficiency on 
stone recurrence risk in first stone formers (SF). Baseline serum creatinine levels were 
obtained, and renal insufficiency was defined as creatinine clearance < 60 mL/min 
(Cockroft-Gault). This retrospective case-control study consists of 342 first SF; 1 71 SF with 
normal renal function were selected with 1 : 1 propensity scores matched to 1 71 SF with 
renal insufficiency Urinary metabolic evaluation was compared to renal function. GFR was 
positively correlated with urinary calcium, uric acid, and citrate excretion. Subjects with 
renal insufficiency had significantly lower urinary calcium, uric acid, and citrate excretion 
than those with normal renal function, but not urine volume. With regard to urinary 
metabolic abnormalities, similar results were obtained. SF with renal insufficiency had 
lower calcium oxalate supersatu ration indexes and stone recurrence rates than SF with 
normal renal function. Kaplan-Meier curves showed similar results. In conclusion, GFR 
correlates positively with urinary excretion of stone-forming constituents in SF. This finding 
implies that renal insufficiency is not a risk factor for stone recurrence. 
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INTRODUCTION 

Urolithiasis is one of the most common diseases, with increas- 
ing incidence and prevalence worldwide (1, 2). It is painful and 
costly, requiring hospitalizations, interventions and absence 
from work, and imposes a major economic burden (3-5). Uroli- 
thiasis may be associated with various degrees of renal insuffi- 
ciency (6-8). Frequent stone recurrence, combined with uri- 
nary tract infection and obstruction, and frequent urological 
interventions are responsible for loss of renal function (9). More- 
over, percutaneous and extracorporeal urological methods for 
the treatment of renal stones may also lead to chronic deterio- 
ration of renal function (10, 11). A study described that the glo- 
merular filtration rate (GFR) falls in chronic renal disease pa- 
tients, and that increased fractional excretion of uric acid, calci- 
um, phosphorus, and magnesium is observed (12). These find- 
ings suggest the existence of a vicious cycle between renal func- 
tion impairment and urolithiasis, such that the presence of one 
condition predisposes the patient to the other. This may cause 
psychological stress to patients and physicians concerned about 
progressive renal function deterioration and recurrent stone 
episodes. By contrast, another study showed that lower eGFR 
correlated with lower urine pH, lower calcium excretion, and 
greater oxalate excretion. Unfortunately, there are sparse data 
on the association between renal function and urinary excre- 



tion of stone-forming constituents (13). Moreover, no clinical 
data were published in the literature on the impact of chronic 
kidney disease on the development of kidney stones. It is our 
hypothesis that the renal function of patients with urolithiasis 
may portend unique aberrations in urine physicochemistry 
and stone risk. To our knowledge, this is the first study designed 
to evaluate the effect of renal insufficiency on stone recurrence 
in patients with urolithiasis. 

This study assessed the relationship between glomerular fil- 
tration rates and urinary excretion of stone-forming constitu- 
ents, and observed the effect of renal insufficiency on stone re- 
currence in patients with urolithiasis. 

MATERIALS AND METHODS 

Patient characteristics and data collection 

We retrospectively reviewed the medical records of 1,692 stone- 
forming patients who visited the urological office of our institu- 
tion between January 2007 and December 2011. Of the 1,692 
consecutive stone formers (SF), patients with staghorn calculi 
(n = 33), recurrent stone episode (n = 430), urinary tract obstruc- 
tion (n = 27), single kidney (n = 12), or congenital urological 
anomaly (n = 19) were excluded from the study. Patients with 
end-stage renal disease undergoing regular dialysis were also 
excluded (n = 9). As a result, 1,195 subjects satisfied the indu- 
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sion criteria (there is some overlap in categories). 

Baseline serum creatinine levels were obtained in all patients 
and renal insufficiency was defined as creatinine clearance < 
60 mL/min per 1.73 m 2 (Cockroft-Gault), a cut-off value previ- 
ously proposed by the National Foundation's Kidney Disease 
Outcome Quality Initiative Advisory Board (14). Almost 14.3% 
of the patients (n = 171) had renal insufficiency based on esti- 
mated GFR and were stratified into case groups; of the remain- 
ing subjects with normal renal function (n = 1,024), 171 con- 
trols were matched to these 171 renal insufficiency patients by 
propensity score analysis (171 cases and 171 controls). 

Measurement and definition of parameters 

Creatinine levels were used to calculate baseline creatinine clear- 
ance according to the formula proposed by Cockcroft and Gault. 
Creatinine clearance was corrected by a factor of 0.85 for wom- 
en to account for differences in lean body mass (15). Metabolic 
evaluation was conducted at least 4 weeks after the last stone 
episode. All SF were instructed to follow a general recommend- 
ed diet, such as low salt, low animal protein, and high fluid, and 
none were placed on a low- calcium diet. Urinary stone risk was 
evaluated in urine on the basis of the following parameters: so- 
dium (ion-selective electrode method), calcium (ocresolphtha- 
lein complex), uric acid (uricase colorimetry method), oxalate 
(oxalate oxidase method), citrate (citrate lyase method), and 
magnesium (xylidyl blue method). Urinary metabolic abnor- 
malities were classified using the definitions of Lifshitz et al. 
(16). Calcium oxalate super saturation was estimated using the 
AP (CaOx) index EQ (Tiselius) and pKCaOx values (Ogawa) (17, 
18). Stone recurrence was denned as the radiographic appear- 
ance of stones that were not present on the previous examina- 
tion. The time between the previous and new stone- detecting 
examination was defined as the time to stone recurrence. 

Statistical analysis 

We used propensity score methods to balance the observed co- 
variates between the case and control groups. Propensity scores 
were calculated for each patient using multivariable logistic re- 
gression based upon the covariates: age, gender, and BMI. Match- 
ing was performed using the R package matching. Results were 



expressed as means ± standard deviations. The differences in 
urine variables between groups were assessed by Mann-Whit- 
ney U-test. Categorical variables were compared by chi-square 
test or Fisher's exact test if appropriate. The correlation between 
eGFR and urinary constituents was assessed by partial correla- 
tion analysis adjusted for age, sex, and BMI. The impact of renal 
insufficiency on metabolic abnormalities was studied by logis- 
tic regression analysis. The Kaplan-Meier method was used to 
estimate recurrence-free survival, and differences were assessed 
using log-rank statistics. All statistical analyses were performed 
using the SPSS® 20.0 software. All tests were performed with 
2-tailed analyses and P < 0.05 was considered statistically sig- 
nificant. 

Ethics statement 

The institutional review board of Chungbuk National University 
Hospital reviewed and approved this study protocol (IRB ap- 
proval number 2006-01-001). Written informed consent was 
obtained from each subject. 

RESULTS 

Baseline characteristics 

The baseline characteristics of the study population are present- 
ed in Table 1. The mean age, BMI distribution, and gender dif- 
ferences between SF with renal insufficiency and SF with nor- 
mal renal function were not significant. 

Correlation between creatinine clearance and urinary 
variables 

After adjusting for age, sex, and BMI, the estimated GFR corre- 
lated positively with urinary calcium (r = 0.383, P < 0.001), uric 
acid (r = 0.264, P < 0.001), and citrate (r = 0.224, P = 0.003) (Ta- 
ble 2 and Fig. 1). 

Comparison between the control and renal insufficiency 
groups in terms of urinary variables and urinary 
metabolic abnormalities 

There was no significant difference in 24-hr urine volume be- 
tween SF with renal insufficiency (1,788.27 ± 772.98) and SF 



Table 1. Baseline characteristics 



Parameters 


Normal renal function (n = 171) 
(GFR > 60 mL/min per 1 .73 nf) 


Renal insufficiency (n = 171) 
(GFR < 60 mL/min per 1 .73 nf) 


P value 


Mean ± SD age (yr, range) 


60.14 + 4.79 (51-70) 


60.61 + 5.7(51-70) 


0.400* 


BMI (kg/m 2 ) 


23.61 + 2.37 


23.30 + 2.52 


0.255* 


Median follow-up period 


18.83 


17.39 


0.689* 


Gender (%) 






0.829 + 


Male 


84 (49.1) 


81 (47.4) 




Female 


87 (50.9) 


90 (52.6) 




Calculated GFR 


72.95 + 10.11 


51.17 + 6.60 


< 0.001* 



P values are based on the *Mann-Whitney U-test and f Fisher's exact test. BMI, body mass index; GFR, glomerular filtration rate. 



http://dx.doi.0rg/10.3346/jkms.2014.29.8.1132 http://jkms.org 1133 



JKMS 



Kang HW, etal. • Renal Insufficiency and Stone Recurrence 



with normal renal function (1,847. 69 ± 785.04) (P = 0.486). Uri- 
nary excretion of calcium, uric acid, and citrate was significant- 
ly different according to the presence of renal insufficiency (P < 
0.001, P = 0.001, and P = 0.001, respectively). SF with renal in- 
sufficiency had significantly lower levels of urinary calcium, 



Table 2. Correlation between estimated GFR and 24-hr urine constituents in the en- 
tire study population 



Parameters 


r 


P value* 


Calcium (mg/day) 


0.383 


< 0.001 


Sodium (mg/day) 


0.120 


0.113 


Uric acid (mg/day) 


0.264 


< 0.001 


Oxalate (mg/day) 


0.042 


0.576 


Citrate (mg/day) 


0.224 


0.003 


Magnesium (mg/day) 


0.055 


0.463 


Urine volume (mLVday) 


-0.042 


0.583 



*P values are based on partial correlation analysis, r, partial correlation coefficient 
adjusted by age, sex, and BMI. 



uric acid, and citrate than SF with normal renal function. With 
regard to urinary metabolic abnormalities, compared to SF with 
normal renal function, SF with renal insufficiency were less 
likely to have hypercalciuria (P = 0.041) and hyperuricosuria 
(P = 0.014). By contrast, the renal insufficiency group had a 
higher incidence of hypocitraturia than the group with normal 
renal function (P = 0.014) (Table 3). 

Impact of renal insufficiency on calcium oxalate 
supersaturation indexes and stone recurrence 

Calcium oxalate supersaturation indexes and stone recurrence 
rates showed significant differences according to the presence 
of renal insufficiency. SF with renal insufficiency had lower cal- 
cium oxalate supersaturation indexes (Tiselius, P = 0.016 and 
Ogawa, P = 0.002) and stone recurrence rates [P = 0.002) than 
SF with normal renal function (Table 4). Kaplan-Meier estimates 
revealed that SF with renal insufficiency had a significantly lon- 
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Fig. 1. Correlation between estimated GFR and 24-hr urine constituents in the 
entire study population. (A) Calcium (P < 0.001), (B) Uric acid (P < 0.001), (C) 
Citrate (P= 0.003). r t partial correlation coefficient adjusted by age, sex and BMI. 
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Table 3. Comparison of 24-hr urine constituents between SF with normal renal function and SF with renal insufficiency 



Parameters 


Normal renal function (n = 171) 
(GFR > 60 mL/min per 1 .73 m 2 ) 


Renal insufficiency (n = 171) 
(GFR < 60 mL/min per 1 .73 nf) 


P value 
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24-hr urinary parameter 
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Urine volume (mL/day) 


1,847.69 + 785.04 


1,788.27 + 772.98 


0.486* 


Urinary metabolic abnormalities 








Hypercalciuria 


23 (27.7) 


14(14.4) 


0.041 + 


Hypernatriuria 


33 (39.8) 


32 (33.0) 


0.355+ 


Hyperuricosuria 


27 (32.5) 


16(16.5) 


0.014 


Hyperoxaluria 


8 (9.6) 


4(4.1) 


0.230+ 


Hypocitraturia 


56 (67.5) 


81 (83.5) 


0.014+ 


Hypomagnesuria 


10(12.0) 


13(13.4) 


0.826+ 


Hypovolemia 


30 (36.1) 


40 (41 .2) 


0.541 + 



P values are based on the *Mann-Whitney U-test and +Fisher's exact test. 



Table 4. Impact of renal insufficiency on calcium oxalate supersaturation and stone 
recurrence 





Normal renal function 


Renal insufficiency 




Variables 


(n = 171) 


(n = 171) 


P value 


(GFR > 60 mLVmin 


(GFR < 60 mLVmin 




per 1 .73 m 2 ) 


per 1 .73 m 2 ) 




Calcium oxalate super saturation indexes 






Tiselius 


1.99 + 1.64 


1.43 + 1.16 


0.016* 


Ogawa 


4.45 + 0.28 


4.60 + 0.31 


0.002* 


Stone recurrence 






0.002+ 


Yes 


40 (23.4) 


18(10.5) 




No 


131 (76.6) 


153 (89.5) 





GFR < 60 mLymin 



P values are based on the *Mann-Whitney U-test and +Fisher's exact test. 

ger stone recurrence-free period than SF with normal renal func- 
tion (log-rank test P = 0.037) (Fig. 2). 

DISCUSSION 

In this study, the estimated GFR was positively correlated with 
urinary calcium, uric acid, and citrate excretion in patients with 
urolithiasis. Patients with renal insufficiency had lower calcium 
oxalate supersaturation indexes and stone recurrence rates than 
those with normal renal function. This finding implies that re- 
nal insufficiency is not a risk factor for stone recurrence in pa- 
tients with urolithiasis. 

Nephrolithiasis, a worldwide health problem, is responsible 
for significant economic cost to society and has a significant 
impact on quality of life (19, 20). Nephrolithiasis is a significant 
and independent risk factor for chronic kidney disease in the 
general population (11). Chronic renal failure in the presence 
of calculous disease is attributable to partial obstruction, infec- 
tion, or frequent urological interventions. Once chronic renal 
failure is established, the disease is likely to progress due to hy- 
perperfusion in the remaining functional nephrons (21). The 
stone recurrence rate and the number of stone procedures are 




0 10 20 30 40 50 60 70 80 90 100110 120 130140 150160 170180190 200 

Time (months) 

Number at risk 
Group: 0 

171 171 138108 75 59 43 33 27 17 11 5 2 2 2 1 1 1 0 0 

Group: 1 

171 171 131103 83 67 48 41 36 26 18 12 9 6 3 2 1 1 1 0 

Fig. 2. Stone-recurrence-free survival stratified by estimated GFR (GFR < 60 mL/min 
vs. GFR > 60 mL/min). 

other factors that influence renal function. The true prevalence 
of obstructive nephropathy associated with nephrolithiasis is 
unknown. Jungers et al. suggested that the overall proportion of 
nephrolithiasis-related end-stage renal disease in patients on 
maintenance dialysis was 3.2%, while others estimated the prev- 
alence of urinary stone disease to be between 1.9% and 7.7% in 
patients with CKD (22, 23). Patients who suffer from recurrent 
stone episodes experience psychological distress and concern 
about progressive deterioration of renal function. However, the 
effect of renal insufficiency on urinary excretion of stone-form- 
ing metabolites has not been sufficiently investigated in patients 
with urolithiasis. One study in the literature describes that GFR 
falls in chronic renal disease patients, with increased fractional 
excretion of uric acid, calcium, phosphorus, and magnesium 
(12). Glomerular hyperfiltration secondary to chronic renal da- 
mage leads to osmotic diuresis, which increases tubule urinary 
flux and consequently reduces electrolyte tubular reabsorption. 
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In addition, tubular dysfunction secondary to chronic renal da- 
mage leads to a reduction in electrolyte reabsorption and con- 
sequent urinary loss (12, 24). By contrast, another study showed 
that lower eGFR correlated with lower urine pH, lower calcium 
excretion, and greater oxalate excretion. The authors also found 
that uric acid stones were associated with a lower eGFR and 
that calcium phosphate stones were associated with a greater 
eGFR (13). Our result is similar to that of the previous study in 
which patients with renal insufficiency had lower urinary calci- 
um, but differs in other urinary profiles such as oxalate, citrate, 
and uric acid. Different inclusion criteria between studies may 
explain this discrepancy. Further research should be performed 
to confirm the potential relationship between renal function 
and urinary stone-forming constituents in patients with uroli- 
thiasis. Normal aging and associated stone-related diseases, 
such as diabetes mellitus and hypertension, contribute to pro- 
gressive glomerular filtration reduction (25-28). Moreover, sev- 
eral reports suggest that the decision to deliver aggressive ther- 
apy for total stone clearance in patients with renal failure should 
be weighed against the risk of further loss of kidney function 
(21, 29, 30). Thus, strict dietary modification, correction of un- 
derlying disease and timely management of obstructive uropa- 
thy are essential in patients with renal insufficiency. 

There are possible weaknesses in this study. The retrospec- 
tive design means that there may have been some sampling 
bias. We used the propensity score matching model to mini- 
mize any selection bias in analyses involving age, sex, and BMI. 
Another limitation is the fact that stone composition was not 
considered in this analysis. The presence of calcium- and non- 
calcium- containing stones in the patient population can be a 
confounding factor. 

In conclusion, the estimated GFR correlates positively with 
the urinary excretion of stone-forming constituents in SF. Pa- 
tients with renal insufficiency have lower urinary lithogenic con- 
stituents and stone recurrence rates than those with normal re- 
nal function. These results imply that renal insufficiency is not 
a risk factor for stone recurrence in patients with urolithiasis. 
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